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Abstract
OBJECTIVE—To determine whether an interactive computer program could improve patient
knowledge regarding genetic screening and diagnostic concepts.
METHODS—In this randomized trial, women 6–26 weeks’ gestation were assigned to standard
care with provider-based counseling or to augmented counseling with an interactive computer
program. The computer-based tool conveyed information about genetic testing options. Women
were administered a 23-item test of content knowledge immediately and 2–4 weeks after
exposure. Test scores were compared between groups at both points using T-tests.
RESULTS—150 women were randomized equally between groups. Groups were similar with
regard to demographic characteristics. Women randomized to the interactive tool correctly
answered a significantly greater proportion of questions than those who received standard
counseling (69.4% ±14.2% vs. 46.0% ± 15.2%, p<.001) on the immediate questionnaire. One
hundred and twenty-three (82%) participants participated in the follow-up test. Women
randomized to the tool continued to correctly answer a significantly greater proportion of
questions (60.6% ± 16% vs. 49.7% ± 18.9%, p=.001). Education, health literacy, electronic health
literacy, and other discussions with providers were not associated with a differential benefit from
the educational intervention.
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CONCLUSION—A patient-directed interactive computer program may help providers to convey
relevant information about genetic screening and diagnostic concepts.
INTRODUCTION
Prenatal screening and diagnosis can provide pregnant women with important information.
However, testing involves varying degrees of uncertainty and risk, options are increasingly
complex, and patient knowledge of available tests and their risks is generally low.1–3 Fully
informed decisions regarding prenatal screening and diagnosis require a significant degree
of patient education. Direct provider counseling may be insufficient for patients to fully
comprehend such complex information, particularly within the context of a brief clinical
encounter.1–8 Counseling may also be limited due to factors such as provider bias or
limitations in provider knowledge. Further, women with low levels of education and/or
health literacy are particularly likely to have inadequate understanding of prenatal genetic
testing.9
Information and decision aids have been recommended for use in clinical situations in which
patient education is necessary for fully informed decision-making.10–13 Use of decision aids
for prenatal counseling using structured, paper-based or basic electronic tools has been
associated with less decision conflict, improved knowledge, and in some cases, increased
uptake of prenatal testing.14–18 Such tools can facilitate an improved informed consent
process, yet few decision aids have been developed and evaluated in the United States,
particularly for use in low literacy populations.11 In 2009, Kuppermann et al showed that
use of an interactive prenatal diagnostic decision tool resulted in better patient satisfaction,
more decision certainty, and more accurate estimates of risk among women receiving
prenatal genetic counseling.19 However, this tool was not developed for a low literacy
population and compared the computerized tool to a standardized written educational
booklet.
In this study, we aimed to develop and test an information aid that used the latest interactive
computer technology to provide an immersive educational experience about prenatal genetic
testing options. This tool, developed by ArchieMD (Boca Raton, FL), incorporates 3D
medical models and visualizations to convey complex information about medical options
and procedures. The primary goal of the study was to determine whether women who
received the ArchieMD Interactive Informed Consent and Education Program for Pregnant
Women had improved understanding and knowledge of prenatal screening compared to
women who received standard prenatal care. We hypothesized that use of the interactive
education tool in a prenatal genetic testing setting would improve patient understanding.
METHODS
This was a randomized controlled trial comparing a treatment group receiving an interactive
patient education tool for prenatal screening and diagnosis to a control group receiving
standard of care counseling. This interactive tool was developed with several principles in
mind. State-of-the-art technology enabled the user to view the body internally via 3D
computer models of the body. The program included a “virtual guide” for clarification of
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complex medical terms and the capacity to type notes and questions for later discussion.
User involvement was encouraged by providing an avatar who could be directed by the
participant to further explore topics of interest or re-explore topics when desired. The
modules included information on basic prenatal testing concepts, anatomy, common genetic
abnormalities, specific information about invasive and non-invasive test options, including
chorionic villous sampling (CVS) and amniocentesis, and the risks, benefits and alternatives
to these tests. This tool was developed before the clinical availability of cell-free fetal DNA
testing and thus did not include information about this modality. Experts in health literacy
tailored language to ensure it was appropriate for women of low and high health literacy;
best practices were used to convey numerical concepts.20 Participants had the opportunity to
demonstrate comprehension of seminal concepts by replying to questions and receiving
immediate feedback. Participants could spend varying amounts of time using the tool
depending on their degree of user involvement.
After approval from the Northwestern University Institutional Review Board, pregnant
women (>18 years) were recruited during routine prenatal visits; women were not recruited
at genetic counseling sessions. The study procedures took place at the site of prenatal care.
Eligibility criteria included gestational age between 6 and 26 weeks, having not yet
undergone any prenatal testing, and ability to speak English. Women carrying multiple
gestations were excluded. Women who agreed to participate provided written, informed
consent. This trial was registered at Clinicaltrials.gov (NCT01176019) prior to its initiation.
Participants were administered an in-person, computer-based questionnaire that included
questions about demographic characteristics and two validated scales that assessed health
literacy and electronic health literacy. Health literacy was assessed via the Rapid Estimate of
Adult Literacy in Medicine (REALM), a widely used health literacy word recognition and
pronunciation test that is closely validated with reading comprehension tests.21 The eHealth
Literacy Scale (eHEALS) is an 8-item scale (score range 8 to 40) that was administered to
assess computer literacy as related to health information.22 Electronic health literacy reflects
perceived skills at finding, evaluating, and applying electronic health information; higher
scores indicate better perceived electronic health literacy.
Participants were randomized using a computer-generated random number table. Women in
the standard care arm did not receive any additional counseling beyond the antenatal
counseling they had already received during their clinic visit. Women in the intervention
arm received the standard care counseling and the interactive education tool. Women
undergoing the intervention completed the self-guided computerized information aid in a
private clinic room with a research assistant available for questions and assistance. Women
could spend as much time with the tool as they desired. Women in the standard of care arm
were directed immediately to the post-test. Thus, immediately after the randomized
exposure, both groups were administered a 23-item test designed to assess knowledge of the
concepts of prenatal screening and diagnosis. This test asked 18 true-false and 3 open-ended
questions. Test contents are provided in the supplementary material. The open-ended
questions asked women to name two tests that could definitively give chromosomal
information, name two types of abnormalities that could be identified with CVS or
amniocentesis, and name one potential complication of these tests. The true/false questions
YEE et al. Page 3






















were content-based questions designed to directly test basic knowledge about genetic
screening and testing. Women randomized to the educational tool group were additionally
asked their opinions of the tool using visual analog scales. Two to four weeks after
randomization the subjects were re-contacted and administered the same questionnaire, via a
telephone interview, to measure longer-term knowledge retention.
The 23-item knowledge test was scored as a proportion of correct answers. Open-ended
questions were judged to be correct by a single investigator (WAG) who was unaware of a
participants’ group assignment. The sample size of 150 was determined based on an alpha of
0.05, and 80% power to detect at least a 7% improvement in correct responses on this
questionnaire (with a standard deviation of 15%) after use of the interactive education
tool.23 Student t-tests were used for group comparisons and two-way ANOVA was used to
assess whether there was an interaction between group assignment and patient educational
level, health literacy, electronic health literacy, and prior discussion about genetic topics
with a provider. All tests were two-tailed and p< .05 was used to define statistical
significance. Analyses were performed with Minitab 14 (Minitab, Inc., State College, PA).
RESULTS
From August 2010 to March 2011, two hundred and sixty-one eligible women were
approached for participation. Of these, 111 declined. Of the 150 women who participated,
75 were randomized to each group (Figure 1). Table 1 demonstrates their demographic
characteristics. Groups did not differ by age, gestational age, parity, race/ethnicity, or
education. The proportion of women with limited health literacy was over 40%. eHEALS
scores were not different by group and indicated a high degree of comfort with electronic
health information among women who consented to participate.
Women randomized to the interactive education tool correctly answered a mean of 69.4%
(±14.2%) of questions correctly on the initial test evaluating knowledge of prenatal
diagnostic concepts. This score was significantly greater than the mean of 46.0% (±15.2%)
correct answers among the group of women who only received standard counseling
(p<0.001). Eighty-two percent (N=123) of women were successfully contacted at a median
of 23 days after randomization and completed the questionnaire again (64 [85%] in the
control group vs 59 [79%] in the intervention group, p=0.29). As before, the group who had
received the interactive education tool had a significantly higher mean score than the group
who had not been exposed to the tool (60.6% ± 16.0% vs. 49.7% ± 18.9%, p=0.001).
Subgroup analyses were then performed to assess whether the benefits associated with
exposure to the interactive education tool were affected by education level, health literacy,
electronic health literacy, and recall of prenatal diagnostic counseling by a health care
provider (Table 2). Regardless of educational attainment, health literacy, or electronic health
literacy, women exposed to the interactive education tool demonstrated a similar
improvement in scores compared to women in the standard care group. In addition, over
80% of participants in each group recalled having received prenatal diagnostic counseling
with their provider during the current pregnancy but prior to randomization. However, recall
of having received such counseling did not alter the improvement in scores on the initial
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questionnaire among women in the educational intervention arm compared to the control
group (test for interaction p=0.19). After randomization, but prior to follow-up, 48.8%
(N=60 of 123 available for follow-up) of women reported receiving additional counseling as
a part of their routine prenatal care. Subsequent provider counseling after randomization did
not diminish the relative benefit that accrued to those who had been exposed to the
education tool. Finally, women receiving the interactive education tool were asked their
opinions of the tool. All women (100%) who experienced the education tool thought it was
helpful. A majority also felt the tool was balanced (77%), clear (96%) and had the right
quantity of information (77%). Of the women who felt the tool did not have the right
quantity of information, the majority (88%) felt it had too much information.
COMMENT
We found that women exposed to standard counseling plus a prenatal diagnostic educational
tool that incorporated interactive, state-of-the-art technology demonstrated improved
knowledge of prenatal genetic testing options and better retention of such information
compared to women who received only standard counseling. A similar magnitude of
improvement was obtained regardless of education level and health literacy. Similarly, the
benefit was not dependent on having great facility with electronic resources, as there was no
interaction with electronic health literacy. Further this effect did not appear dependent on
women having not received prenatal diagnostic counseling from their provider. Over 80% of
women had specific recollection of a session involving prenatal counseling during their
antenatal care prior to randomization, and the presence of such a session prior to or after
being exposed to the counseling tool did not affect the demonstrated benefit. Finally, women
exposed to the computer-based, interactive tool found it to be clear, balanced and helpful.
Prior studies report a decrease in decision conflict following use of an information or
decision aid.11 In our study, high participant satisfaction coupled with the observed
improvement in knowledge about these complex topics suggest such a tool is both
acceptable to participants and promotes knowledge acquisition better than when standard
provider-based counseling is the sole form of information transfer. One strength of this
study is that it compared augmented education to actual provider-based counseling about
prenatal testing options, rather than to counseling by specialized but not universally
available genetic counselors. This tool educated patients on topics that should be addressed
in prenatal care for all women but may not be consistently discussed; it enhances, rather than
replaces, direct provider counseling, and may help patients and providers determine when
more in-depth counseling by a specialist is needed. We would anticipate that the
improvements in knowledge seen here would be reflected in more informed decision making
about prenatal testing options. Although the goal of counseling is to empower more
informed decisions rather than promote testing use, prior work suggests women with better
knowledge were more likely to desire prenatal screening.18 We hypothesize that use of an
interactive tool with balanced education of risks and benefits and attention to best practices
for explanation of complex concepts may result in improved understanding of testing
options; this knowledge increase may ultimately be associated with alterations in uptake of
testing. Health literacy, or the skills needed to function in the health care environment, is
recognized as a mediator of health disparities in the United States.24–26 Inadequate health
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literacy has a clear association with poor health outcomes, inadequate utilization of health
care services, and poor health knowledge.24, 25, 27–31 An important strength of our study was
the focus on developing an intervention appropriate for women with limited health literacy,
since this population is large and particularly likely to benefit from added health education.
Further, educational interventions that benefit patients in low literacy populations typically
benefit individuals in higher literacy groups as well.32 Inadequate health literacy is a
common public health problem, even in populations with high amounts of formal education.
As shown here, education alone is inadequate to prepare women for the complex medical
counseling that occurs with prenatal genetic testing, and this interactive tool was helpful for
women regardless of education or literacy level.
Several limitations of this study warrant discussion. First, although the sample had racial/
ethnic diversity, it was largely a young population seeking care at a single academic center.
Thus, the findings may not be generalizable to other populations. It should also be noted that
the rate of study participation was 57%; it is possible that the women choosing to participate
were not representative of the total population approached. It was not possible to compare
the enrolled population to those who declined to participate as information could not be
collected on the latter group once they declined participation. Second, the field of prenatal
genetic testing is rapidly evolving. Several new technologies have been introduced since the
development of the interactive education tool. The tool was not intended to counsel about
options such as cell-free fetal DNA non-invasive prenatal testing or microarray analysis
from invasive testing specimens. However, there is no reason to believe that the further
complexity of choices would make an interactive education tool any less useful. In addition,
it was not possible to control for the quality or amount of genetic counseling women might
have received from their providers prior to randomization, although the effect of the tool did
not appear to differ based on gestational age at enrollment or memory of a specific
counseling session with their provider. In addition, the heterogeneity of the population
reflects the reality of prenatal care, in which women receive counseling about such topics
across multiple time points and with different levels of quality. Finally, this study was not
designed to evaluate actual differences in decisions made by pregnant women, as the goal of
the tool was to improve knowledge rather than to change patient decisions per se. Thus,
although the increase in knowledge subsequent to the interactive education tool is a
promising proxy for better informed decision making compared to standard of care
counseling, we did not actually measure the effects of more informed choice on patient
decisions.
Prenatal genetic testing requires women and their families to make complex, value-laden
decisions about their pregnancy and family goals. Providers have an obligation to provide
education and non-directive counseling about these decisions, yet many current counseling
efforts may not allow optimally informed decisions. We identified that women exposed to
augmented prenatal diagnostic education using interactive technology demonstrate better
knowledge about prenatal genetic testing compared to women who experience standard
provider counseling. Women of diverse educational, health literacy, and electronic literacy
backgrounds experienced this benefit, suggesting a tool such as this may be widely
applicable. We encourage ongoing research at the intersection of health services, health
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literacy, and prenatal testing, in order to elucidate how women are able to optimize their
decision making with regard to prenatal diagnosis.
Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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What’s already known about this subject?
• Informed decisions about prenatal genetic screening and diagnosis require
complex patient education. Many women feel prenatal genetic information is
difficult to understand.
• Information aids may enhance patient knowledge but have been inadequately
studied in diverse populations in the United States.
What does this study add?
• Pregnant women exposed to an interactive computerized tool about prenatal
genetic screening had better post-test knowledge than women receiving standard
of care counseling.
• This interactive information aid enhanced knowledge regardless of health
literacy, electronic health literacy, or educational level.
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Flow diagram of study participants
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Table 1
Demographic characteristics of participants
All participants (N=150) Educational tool (N=75) Standard care (N=75) p value
Age (years) 26.6 (5.3) 26.0 (5.0) 27.3 (5.5) 0.13
Gestational age > 20 weeks 45.3 46.7 44.0 0.74
Primigravida 15.3 16.0 14.7 0.82
Race/Ethnicity
 Non-Hispanic White 7.3 5.4 9.3 0.09
 Non-Hispanic Black 53.3 45.3 61.4
 Hispanic 28.0 36.0 20.0
 Other 11.4 13.3 9.3
Education
 < High School 9.8 9.4 10.2 0.62
 High School Grad/GED 26.0 21.9 30.5
 Some College 35.8 40.6 30.5
 ≥ College Graduate 28.4 28.1 28.8
Prior provider discussion 84.0 82.7 85.3 0.66
Limited health literacy 43.3 48.0 38.7 0.25
eHEALS score 30 (5) 30 (4.9) 30 (4.8) 0.78
All data provided as mean (standard deviation) or %.






















YEE et al. Page 12
Table 2
Initial test scores after randomized exposure by subgroup
Standard care, % correct, SD
(N=75)
Educational tool, % correct, SD
(N=75)
P value for interaction
Education 0.1
 Less than college 44.9 ± 14.9 66.4 ± 13.4
 College or greater 48.9 ± 16.2 79.2 ± 12.3
Health literacy 0.81
 Limited 39.7 ± 13.7 64.7 ± 13.7
 Adequate 49.9 ± 15.0 73.8 ± 13.3
Electronic health literacy 0.74
 Less than average 43.8 ± 15.0 66.3 ± 15.4
 At least average 47.4 ± 15.4 71.6 ± 13.0
Prior provider discussion 0.19
 No 45.9 ± 13.7 62.2 ± 15.6
 Yes 45.9 ± 15.6 71.0 ± 13.5
Discussion after randomization* 0.20
 No 48.4 ± 19.9 63.5 ± 16.6
 Yes 51.5 ± 17.6 58.3 ± 15.3
*
Test scores are from the subset (82%) available for the 2-week follow-up test.
Prenat Diagn. Author manuscript; available in PMC 2015 June 01.
